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Abstract 
Since the middle of the last century, scientists have been interested in the mechanisms of regulation of cell divi-
sion, differentiation and aging of cells.  The first objects of study were insects, helminths and other living organ-
isms. From the very beginning, in the biology of cell development and regulation, scientists have attached leading 
importance to genetic factors.  Later,  more and more experience was gained on the influence of intracellular fac-
tors, metabolic changes and exogenous pathogens on the programmed cell death. Recent research on cell biology 
and pathology has focused on the study of apoptosis. The first described phenomenon of programmed cell death 
was apoptosis.  Subsequent  studies were  aimed at  the  study programmed cell  death.  This  review will  provide an 
opportunity to consider the biological mechanisms of programmed cell death, differences and species characteris-
tics. The author described the clinical aspects of apoptosis, necroptosis and pyroptosis and their importance in the 
formation of cellular homeostasis. In the present review article simple classification system, where the cell death 
entities  are  primarily  categorized  into  programmed  cell  death.  Multiple  mechanisms  and  phenotypes  compose  
programmed  non-apoptotic  cell  death,  including:  autophagy,  entosis,  methuosis  and  paraptosis,  mitoptosis  and  
parthanatos,  ferroptosis,  pyroptosis  NETosis  and  necroptosis.  Changes  of  cellular  regulation  at  development  of  
pathologies at people and animals are considered. Cell biology includes a variety of mechanisms of programmed 
aging and death. Modern research is aimed at deepening the study multiple mechanisms and phenotypes compose 
programmed. Cells. will certainly be taken into account by the Nomenclature Committee on Cell Death. Cellular 
regulation  is  associated  with  a  variety  of  physiological  mechanisms  of  development,  and  is  also  important  in  
processes  such  as  inflammation,  immune  response,  embryogenesis  maintenance  of  tissue  homeostasis.  Study  of  
factors of influence and mechanisms of regulation of aging of cells opens a curtain for development of the newest 
means of diagnostics of pathologies and development of pharmacological means for correction of cellular mecha-
nisms at development of pathologies. 
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Initial  cell  studies  were  concerned  with  the  study  of  
structure and function. It  is  known that the process of divi-
sion, proliferation, differentiation and survival of cells is the 
basis  of  life  of  all  living  beings  (Elliott  &  Ravichandran,  
2016;  Papayannopoulos,  2018;  Cahilog  et  al.,  2020).  Over  
time,  scientists  became  interested  in  the  mechanisms  of  
regulation  of  cell  division,  aging  and  cell  death  (Jorgensen 
et  al.,  2017;  Kambara  et  al.,  2018;  Khan  et  al.,  2021).  Re-
cently,  more  and  more  information  is  emerging  in  sources  
about the physiology of cells, and especially about the regu-
lation of division, aging and death. Until recently, scientists 
have described the phenomena of aging and cell death with-
out  clear  systematization  and  classification  (Naderer  &  
Fulcher,  2018;  Linkermann,  2019;  Zhou  et  al.,  2020;  
Zhelavskyi, 2021). Sometimes such information was incom-
plete, inaccurate or even contradictory. Often the same phe-
nomenon described by the authors was identified or even not 
debated by the scientific community. 
The aim of the review of our work is to make a scientific 
search for new reliable information on aging and cell death. 
2. Literature review
The  initial  classification  of  cell  death  included  three  
types:  apoptosis,  autophagy,  and  necrosis.  Recent  studies  
describe  a  number  of  new  ways  of  cell  death.  In  view  of  
this,  in  2018  the  The  Nomenclature  Committee  on  Cell  
Death (NCCD), based on molecular principles, made a new 
classification  of  cell  effort  and  death  (Kim  et  al.,  2019;  
Galluzzi  et  al.,  2020).  The  principled  approach  in  modern  
nomenclature is based on the division of processes related to 
the  mechanisms  of  regulation  of  programmed  and  unpro-
grammed cell death. Programmed cell death is governed by 
clear  intracellular  signaling  mechanisms.  In  turn,  spontane-
ous death occurs under  the influence of destructive factors.  
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Given the morphological features and molecular mecha-
nisms, cell death is divided into apoptosis and cell death 
with the involvement of non-apoptotic processes. 
Non-programmed cell death 
Necrosis. Irreversible cell injury and eventual cell death 
due to pathological processes are termed necrosis. It is an 
uncontrolled cell death that results in swelling of the cell 
organelles, plasma membrane rupture and eventual lysis of 
the cell, and spillage of intracellular contents into the sur-
rounding tissue leading to tissue damage (Kearney &  
Martin, 2017; Arifuzzaman et al., 2018; Kim et al., 2019; 
Robinson et al., 2019). Usually, the factors of necrosis are 
numerous exogenous factors: infection, toxins, exposure to 
various physical factors (pressure, electricity, ionizing radia-
tion, etc.). Unlike programmed cell death known as apopto-
sis which generates from intrinsic signals, necrosis occurs 
due to overwhelming noxious stimulus from outside the cell 
and is almost always associated with inflammatory respons-
es due to the release of heat shock proteins, uric acid, ATP, 
DNA, and nuclear proteins, which cause inflammasome 
activation and secretion of proinflammatory cytokine inter-
leukin-1 beta (IL1) (Sachet et al., 2017; Tonnus &  
Linkermann, 2017; Szwed et al., 2019; Xi et al., 2019). 
Chromatin is usually not subject to condensation and dis-
rupts the synthesis of macromolecules. These processes in 
the cell occur against the background of minimal energy 
expenditure. Modern diagnosis of cell necrosis is based on 
the deteсе of lactate dehydrogenase activity and the use of 
specific cell-impermeamble DNA binding dyes (Rogers et 
al., 2017; Orning et al., 2017; Rijal et al., 2018). 
Programmed cell death 
Apoptosis. Apoptosis is a phenomenon of programmed, 
clearly controlled mechanisms aimed at triggering cell self-
destruction. During apoptosis, the formation of membrane 
blebbing on the, the positional organelles loss, condensation 
and fragmentation of DNA (Elliott & Ravichandran, 2016; 
Kolb et al., 2017; Chen et al., 2019). To date, there are three 
signaling pathways for apoptosis: external – through exter-
nal receptors, internal (mitochondrial) and perforin / 
granzyme. 
The initiation of apoptosis is caused by physiological 
signals-inducers, which are perceived by specialized cellular 
receptors that trigger a cascade of sequential intracellular 
biochemical processes (Yablonskyi & Zhelavskyi, 2014; 
Lawlor et al., 2017). These signals can be a variety of fac-
tors: biologically active substances, hormonal changes, 
antigenic overload, the presence in the body of specific 
antibodies to cell receptors, cytokines, etc. The nature of the 
cells' response to signals is ambiguous and depends on a 
number of factors that affect the functional state of cells, the 
stage of their activation and differentiation. The perception 
of signals by cells is carried out through membrane recep-
tors (Orzalli & Kagan, 2017; Boucher et al., 2018). Current-
ly, there are four successive stages of apoptosis: 1) the per-
ception of apotic stimuli by cells; 2) signal transmission to 
intracellular regulatory elements; 3) the interaction of regu-
latory elements of target cells and “decision making” – “live 
or die”; 4) destruction of vital molecules of target cells by 
effector elements of the apoptotic pathway (Kolb et al., 
2017; Lu et al., 2018; Ning et al., 2019). The process begins 
with the activation by the cell of potentially lethal stimuli, 
which can be both pathological and physiological, which 
causes oligomerization of intracellular receptor domains, 
which in turn activate other substrates that induce apoptosis. 
In the second stage, the transmission of apoptotic signals to 
other regulatory proteins of target cells. Among the signal-
ing proteins of apoptosis, proteolytic enzymes caspase play 
an important role. It is well known that caspase-8 plays a 
key role in the destruction of cellular proteins during apop-
tosis (Rogers et al., 2017; Rathkey et al., 2018; Snyder et al., 
2019). Among the mechanisms of biological cell death, the 
most universal is the influence of specific Fas receptors 
(Fas, R2, Apo1, Cd95), which are expressed on the surface 
of most cells, in particular they are contained on the mem-
brane of activated T-, B-lymphocytes, antigen-presenting 
cells, fibroblasts, keratinocytes cells that have been trans-
formed during the reproduction of viruses, etc. The Fas 
receptor, like the tumor necrosis factor (TNF), has a homol-
ogous structure. The third stage of apoptosis covers the 
processes that occur mainly in mitochondria. The fourth 
stage of apoptosis begins with the activation of procaspa-
tase-9, after which it acquires the ability to activate other 
intracellular substrates, in particular procaspase-3, initiating 
the caspase cascade. This destroys the genes of many vital 
cell proteins, including the genes of apoptosis suppressors, 
which eventually leads to cell death (apoptosis) (Zhelavskyi, 
2011; Zargarian et al., 2017; Zhang et al., 2019). This group 
of proteases exists separately and functions as a mediator of 
the death signal. Currently, 10 caspases have been identified 
in different mammalian cells, which create an enzymatic 
cascade, similar to the enzymatic cascade of the blood coag-
ulation system or the complement system (Yablonskyi & 
Zhelavskyi, 2010; Wang et al., 2017; Tang et al., 2020). The 
consequence of these biochemical metamorphoses is the 
compaction of chromatin, which is known to be the most 
important component of the intranuclear component, which 
contains DNA and proteins (Sborgi et al., 2016; Platnich et 
al., 2018). In the cascade of biochemical reactions, the nu-
cleus breaks down into fragments with the subsequent for-
mation of chromatin cells and the destruction of the cyto-
plasm (Speir et al., 2016; Zhelavskyi, 2017; Kim et al., 
2018). 
Anoixis is a type of apoptosis in which all the mecha-
nisms of triggering programmed cell death are triggered, 
which occurs under the influence of inadequate factors or 
when the cell-matrix mechanism does not correspond to the 
interaction. The state of the cytoskeleton has been reported 
to be related to the functional state of integrin (survival 
effector). Recent studies have shown that signal transduction 
from с-JUN NH2-terminal kinase (JNK) is necessary for 
effective anoixis involving BAK / BAX-dependent exposure 
(Elliott & Ravichandran, 2016; Galluzzi et al., 2020). This is 
due to increased expression of BCL2-like 11 (BIM) and 
phosphorylation of BCL-2 modification factor (BMF) 
(Evavold et al., 2016). Modern methods for determining 
anoixis are determination of terminal deoxynucleotidyltrans-
ferase dUPT by labeling (TUNEL), use of annexin V, de-
termination of caspases and lysis by poly-ADP-ribose poly-
merase (PARP), determination of specific inhibitors of 
apoptosis (including pancapase inhibitor, zVAD-fmk). 
Programmed cell death of non-apoptotic origin 
Autophagy is a cell death characterized by intracellular 
large bubbles, the formation of vesicles in the plasma mem-
brane blebbing, enlargement and depletion of organelles in 
the absence of chromatin condensation. Autophagy is con-
sidered as a trigger process under cellular stress and initially 
performs a protective reaction (Yu et al., 2018; Levine et al., 
2019; Wei et al., 2019). To date, there are three forms: mac-
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ro-autophagy, micro-autophagy and chaperone-mediated 
autophagy. Macro-autophagy is accompanied by the process 
of covering a separate area of cytoplasm with a membrane 
structure with the capture of organelles. As a result, a frag-
ment is formed isolated from other cellular structures by a 
double layer of membrane. This indicates the formation of 
an autophagosome, which subsequently merges with the 
lysosomes and the active process of digestion of its contents 
(Levine & Kroemer, 2019). It is believed that such a mecha-
nism makes it possible to implement the process of destruc-
tion of organelles (mitochondria, ribosomes, etc.) that have 
“served their life” (Jorgensen et al., 2017; Chen et al., 2019; 
Levine & Kroemer, 2019). 
Micro-atophagy is accompanied by cytoplasmic seques-
tration. With the participation of acid hydrolases, cell degra-
dation occurs. Autophagy through chaperones selectively 
affects proteins that contain KFERQ motif (Lys-Phe-Glu-
Arg-Gln)-containg proteins. These proteins themselves are 
markers that are captured by lysosomes through chaperones 
and are destroyed. By origin, there are mitophagia – degra-
dation of mitochondria; xenophagia (selective autophagy of 
foreign pathogens); lipophagia, aggrephagia, lysophagia, etc 
(Ganesan et al., 2017; Levine & Kroemer, 2019). The third 
type of autophagy is chaperone-metiated. This method is the 
directed transport of partially denatured cytoplasmic pro-
teins across the membrane into the lysosome cavity. Modern 
research methods are mainly focused on the study of macro-
autophagy, based on the determination of autophanic activi-
ty (eg, long-lived protein metabolism and LDH sequestra-
tion) and indirect analysis using autophagy-specific antibod-
ies by western blot-based, analysis using fluorescence mi-
croscopy and flow cytometric microscopy. 
Entosis (cannibalism of cells) – is characterized by the 
formation of a cell that initiates the death of the host cell. 
The process can be lengthy and begins after internalization 
(Hocsak et al., 2017; Kolb et al., 2017; Linkermann, 2019; 
Mlynarczuk-Bialy et al., 2020). Death is accompanied by 
lysosomal degradation in the middle and start and non-
apoptotic cell death. The process can often be accompanied 
by elimination from the host cell. Entositis has also been 
shown to be caused by detachment of the integrin-
extracellular matrix. Unlike phagocytosis, the uptake of 
entos cells is a self-controlled process by RhoA, which is 
linked to RhoA helixes containing protein kinases (Hayashi 
et al., 2020). The entosis cell and the host cell interact with 
each other through the interface of the cells of E-cadherin 
and α-catenin. RhoA and containing protein kinases in entos 
cells lead to the specific accumulation and enhancement of 
the interaction of actin and myosin (actomyosin complex) in 
the cell wall and at the junctions leads to the formation of 
entos cells. Autophagic protein associated with protein light 
chain 3 (LC3) microtubules is not involved in autophago-
some formation. Instead, LC3 is sent to single-membrane 
vacuoles in the host cell in which the absorbed cell is locat-
ed by lipidation with an autophagy-related protein (ATG) 5, 
ATG7, and Vps34, causing lysosomal fusion with subse-
quent mediated lysosomal degradation (Crawford et al., 
2018; Galluzzi et al., 2020). To date, the indication of en-
thos is carried out using fluorescent imaging and electron 
microscopy. 
Methuosis. Methuosis is a form of cell death character-
ized by the formation of massive single membrane vacuoles. 
Methuosis occurs against the background of macropinosis 
with hyperactivation of Ras and impaired apoptosis. Further 
morphology resembles necrosis in the form of swelling of 
cells and loss of integrity of the plasma membrane. Howev-
er, in metuosis, activated Ras stimulates micropinocytosis 
due to subsequent activation of small GTPase 1 of the Rac 
family (Yang et al., 2019; Adjemian et al., 2020). Decreased 
ADF 6-GTP (Arf6-GTP) ribosylation factor activity pre-
vents macropinosis recycling. Abnormal fusion causes vac-
uolation of the cytoplasm. Vacuoles formed in the early 
stages of metuosis contain late endosomal markers (lysoso-
mal-associated membrane protein 1 and Rab7) (Yang, 
2019). Massive vacuoles will eventually lead to cell death. 
Metuosis with its typical morphology is often assessed by 
electron microscopy (Adjemian et al., 2020; Ritter et al., 
2021). 
Paraptosis. A hallmark of paraptosis is massive cyto-
plasmic vacuolation, which occurs due to the expansion of 
the endoplasmic reticulum or the mitochondria. It has been 
reported that activation of insulin-like growth factor receptor 
1 and its signaling, including mitogen-activating protein 
kinase, can cause paraptosis (Fatokun et al., 2014; Kessel, 
2019). A number of studies have shown that paraptosis is 
associated with the generation of reactive oxygen species 
and the accumulation of improperly folded proteins in the 
endoplasmic reticulum, as well as the of mitochondrial Ca2+ 
overload which increase osmotic pressure and cause expan-
sion of the endoplasmic reticulum and mitochondrial lumens 
with further development (Kessel, 2019; 2020). Research 
methods to date are not perfect enough and are mainly 
aimed at determining multiple or single cytoplasmic vacu-
oles detected by electron microscopy. 
Mitoptosis – mitochondrial death cell, the process of 
programmed division and fusion of mitochondria with con-
comitant disruption of adenosine triphosphate (Giampazolia 
et al., 2017; Lyamzaev et al., 2020). Mitoptosis can be asso-
ciated with both apoptosis and autophagy (Gong et al., 
2017). According to the initial thought, mitoptosis serves to 
protect cells from malfunctioning of the damaged mitochon-
dria. At the same time, a new mechanism of the complete 
mitochondria elimination was found under the conditions of 
massive mitochondrial damage associated with oxidative 
stress. In this experimental model, mitochondrial cluster 
formation in the perinuclear region leads to the formation of 
“mitoptotic body” surrounded by a single-layer membrane 
and subsequent release of mitochondria from the cell. Later, 
it was found that mitoptosis plays an important role in vari-
ous normal and pathological processes that are not neces-
sarily associated with the mitochondrial damage. It was 
found that mitoptosis takes place during cell differentiation, 
self-maintenance of hematopoietic stem cells, metabolic 
remodelling, and elimination of the paternal mitochondria in 
organisms with the maternal inheritance of the mitochondri-
al DNA (Swerdlow & Wilkins, 2020). Moreover, the associ-
ated with mitoptosis release of mitochondrial components 
into the blood may be involved in the transmission of sig-
nals between cells, but also leads to the development of 
inflammatory and autoimmune diseases. Mitoptosis can be 
attributed to the asymmetric inheritance of mitochondria in 
the division of yeast and some animal cells, when the defec-
tive mitochondria are transferred to one of the newly formed 
cells (Mijaljica et al., 2010). 
As a method of mitochondrial suicide, visualization of 
fragmented mitochondria with mitochondrial-specific dyes 
(Mitotracker Green®) by using fluorescence microscopy and 
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electron microscopy, indication of specific antibodies 
against cytochrome C and TIMM8a / DDP. 
Parthanatos. Parthanatos is mitochondrial-linket but 
caspase-independent cell death and is characterized by hy-
peractivation of poly (ADP-ribose)-polymerase (Fatokun et 
al., 2014). Cells die by a variety of mechanisms. Terminally 
differentiated cells such as neurones die in a variety of dis-
orders, in part, via parthanatos, a process dependent on the 
activity of poly (ADP-ribose)-polymerase. Parthanatos does 
not require the mediation of caspases for its execution, but is 
clearly mechanistically dependent on the nuclear transloca-
tion of the mitochondrial-associated apoptosis-inducing 
factor. The nuclear translocation of this otherwise beneficial 
mitochondrial protein, occasioned by poly (ADP-ribose) 
produced through poly (ADP-ribose) overactivation, causes 
large-scale DNA fragmentation and chromatin condensa-
tion, leading to cell death. This review describes the multi-
step course of parthanatos and its dependence on poly 
(ADP-ribose) signalling and nuclear apoptosis-inducing 
factor translocation. The review also discusses potential 
targets in the parthanatos cascade as promising avenues for 
the development of novel, disease-modifying, therapeutic 
agents. The process can be further confirmed by mitochon-
drial depolarization, which can be detected by staining with 
fluorescent dyes.  
Ferroptosis is usually associated with normal morpholo-
gy, with an intact cell membrane without apoptotic vesicles 
and nuclear changes, reduction of mitochondria and destruc-
tion of their membranes (Aglietti & Dueber, 2017;  
Friedmann et al., 2019). Inflammatory sensorsof infected 
macrophages recognize flagellin components of pathogens 
and initiate the formation of multi-protein complex inflam-
masomes, which subsequently activate caspase-1 (Li et., 
2020). Ferroptosis is a new type of cell death that was dis-
covered in recent years and is usually accompanied by a 
large amount of iron accumulation and lipid peroxidation 
during the cell death process; the occurrence of ferroptosis is 
iron-dependent. Ferroptosis-inducing factors can directly or 
indirectly affect glutathione peroxidase through different 
pathways, resulting in a decrease in antioxidant capacity and 
accumulation of lipid reactive oxygen species (ROS) in 
cells, ultimately leading to oxidative cell death (Johnson et 
al., 2018).  
Induction of ferroptosis can be confirmed by using fer-
roptose inhibitors (ferrostatin-1 and liproxstatin-1) and by 
measuring lipid peroxide (quantification of malondialgide 
and quantification of 4-hydroxynonenal). 
Immuno-reactive cell death  
Pyroptosis is an inflammatory form of programmed cell 
death that usually occurs when intracellular pathogens are 
recognized in immune cells (Liu et al., 2019). Inflam-
masomes are innate immune mechanisms that promote in-
flammation by activating the protease caspase-1. Active 
caspase-1 induces pyroptosis, a necrotic form of regulated 
cell death, which facilitates the release of intracellular proin-
flammatory molecules, including IL-1 family cytokines. 
Recent studies identified mediators of inflammasome-
associated cell death and suggested that inflammasomes 
induce not only pyroptosis, but also apoptosis. Caspase-1 
has the potential to induce pyroptosis and apoptosis in a 
manner that is dependent on the expression of the pyroptosis 
mediator gasdermin D. Caspase-1-induced apoptosis is me-
diated by Bid and caspase-7. Caspase-8 is also activated 
following the formation of inflammasomes and may induce 
apoptosis (Zhelavskyi, 2004; Wang et al., 2019). Because 
inflammasomes contribute to the pathogenesis of inflamma-
tory disorders and host defenses against microbial patho-
gens, a more detailed understanding of the mechanisms 
underlying inflammasome-associated cell death may con-
tribute to the development of novel therapeutic strategies for 
inflammasome-related diseases (Zhang et al., 2019; Zhou et 
al., 2020). Pyroptosis can be assessed by quantifying re-
leased cytoplasmic LDH, visualizing the loss of membrane 
integrity by fluorescence microscopy, detecting interleukin 
(IL) -1β, caspase activation, and gasdermin D cleavage by 
Western blotting (Rühl et al., 2018; Wang et al, 2019; Wu et 
al., 2021). 
Cell death associated with extracellular neutrophil trap 
(NETosis). Neutrophils are located in the peripheral blood-
stream only for 6‒10 hours, and then get into the tissue 
where they perform their effector function. Priming phago-
cytic cells are capable of destroying pathogenic agents both 
in the immediate attack (killing) as well as by absorption 
and digestion (Zhelavskyi, 2010; Jorch & Kubes, 2017). 
Phagocytes are also able to realize its function by activating 
metabolic reactivity, followed by the extracellular release of 
antimicrobial compounds. This phenomenon has been called 
in the scientific literature as a respiratory burst. In the phag-
ocytes occurs biochemical activation of the hexose mono-
phosphate shunt and NADPH oxidase of phagosome cell 
(Papayannopoulos, 2018). This metabolic reaction occurs 
against the backdrop of increasing (in ten times) consump-
tion of cell glucose and Oxygen. NADPH oxidase converts 
О2 – superoxide anion (О2-) and formation NETs 
(Zhelavskyi & Yablonskyi, 2009; Zhelavskyi, 2017; Cahilog 
et al., 2020). Cell death is commonly segregated into necro-
sis and apoptosis; apoptosis being programmed cell death, 
for instance during development and physiological cellular 
turnover, whilst necrosis predominantly takes place in an 
unregulated manner. NETosis, like necrosis, is a mode of 
cell death that involves the loss of membrane integrity. Dur-
ing NETosis, decondensation of chromatin is thought to be 
initiated by peptidyl arginine deiminase 4 (PAD4); its sub-
sequent release together with granule contents is vital in the 
innate immune response to infection and inflammation 
(Zhelavskyi et al., 2020). This suggests that in the blood-
stream of healthy animals, the formation of NETs should not 
occur, as this may lead to occlusion of small flakes of DNA. 
Many authors have shown that the formation of NETs in the 
bloodstream mechanically disrupts blood circulation in the 
tissues and organs (Rebordão et al., 2017; Papayannopoulos, 
2018). Blood inhibitory factors have been found to have a 
humoral nature. Autologous serum and blood plasma inhibit 
extracellular DNA release by neutrophils isolated from pe-
ripheral blood. Thus, in the systemic blood flow, in the ab-
sence of inflammation, the formation of NETs is suppressed 
(Zhelavskyi, 2011). Neutrophils of patients with chronic 
granulomatous disease are known to be unable to generate 
ROS due to a deficiency of the NADPH oxidase enzyme. In 
turn, the neutrophils of these patients were unable to form 
NETs. However, at least in part, the glucose oxidase enzyme 
compensated for the functional failure of NADPH oxidase 
to produce hydrogen peroxide (Jorch & Kubes, 2017). How-
ever, under the influence of glucose oxidase, the formation 
of NETs significantly increased. In connection with all the 
above data, it can be concluded that, on the one hand, NETs 
function as an effective antimicrobial barrier, on the other 
hand – their excess leads to the development of inflammato-
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ry processes and to hemodynamic disorders in case of defi-
ciency of counteracting regulatory mechanisms. Neutrophils 
are, above all, tissue cells involved in inflammatory and 
antimicrobial reactions. They also function actively in the 
mucous membrane. It is obvious that disorders of mucosal 
immunity contribute to the recurrent course and chronicity 
of local inflammatory processes (Zhelavskyi, 2015; 
Kambara et al., 2018; Zhelavskyi et al., 2020). 
NETosis, a unique form of cell death, is initiated by the 
presence of pathogens or their components and most often 
occurs in immune cells, especially neutrophils (Zhelavskyi 
& Shunin, 2017; Linkermann, 2019). After recognition of 
pathogens in neutrophils, cells undergo histone modifica-
tion, chromatin decondensation, and a neutrophilic extracel-
lular trap. NET comprising chromatin and antimicrobial 
components, including myeloperoxidase, neutrophil elas-
tase, cathepsin G, lysozyme, lysozyme, and lysozyme. This 
process is facilitated by superoxide produced by NADPH 
oxidase 4 (NOX4), autophagy and dependent on pepti-
dylarginine deziminase 4 (PAD4) citrated histones. Staining 
of co-localized proteins derived from neutrophils and extra-
cellular DNA, as well as citrullinated histones is used to 
assess NETosis. In addition, cell-free DNA and DNA neu-
trophils, the resulting protein complexes can be detected 
using PicoGreen® and ELISA. Both morphology and cell-
related components of NETosis can be detected by flow 
cytometry (Zhelavskyi, 2015; Rijal et al., 2018). 
Other types cell death 
Necroptosis, also known as programmed necrosis, is 
characterized by the activation of receptor-interacting pro-
tein kinases through several signaling pathwaysb (Brault & 
Oberst, 2017). Receptor-interacting protein kinases are acti-
vated by macromolecular complexes from various cell sur-
face receptors: death receptors, Toll-like receptors and T-
cell receptor. receptor-interacting protein kinases 1 and 
receptor-interacting protein kinases 3 function as key com-
ponents of the necrosome (Caccamo et al., 2017). Receptor-
interacting protein kinases 3 further activates a protein simi-
lar to the kinase domain of mixed origin by phosphorylation, 
which leads to oligomerization of kinase domain of mixed 
origin. Oligomerized kinase domain of mixed origin inter-
acts with the cell membrane and penetrates it, which ulti-
mately leads to cell death. Moreover, RIP3-dependent 
necroptosis is also triggered by a cytosolic DNA sensor, a 
DNA-dependent activator of interferon regulatory factors 
after viral infection or the presence of double-stranded viral 
DNA (Grootjans et al., 2017). Necroptosis shows necrotic 
morphology with rupture of the membrane and loss of orga-
nelles (Weinlich et al., 2017; Han et al., 2018). 
Necroptosis can be assessed by loss of plasma membrane 
integrity using cell-impermeable DNA-binding dyes, release 
of cellular contents, including LDH, high-mobility protein 
group 1 and cyclophilin A, by Western blotting, mitochon-
drial fluorescence analysis. probes and morphology using 
electron microscopy. The use of specific necroptose inhibi-
tors, such as necrostatin-1, and the identification of key 
pathway proteins are alternative strategies (Yoon et al., 
2017; Huang et al., 2018). 
While studies of cell death mechanisms were for many 
years focused almost solely on apoptosis, recent advances in 
this field clearly proved that necroptosis should be consid-
ered an essential component (Sarhan et al., 2019). The mo-
lecular machinery involved in necroptosis execution is com-
plex, sophisticated and provides multiple layers of regula-
tion, indicating that the concept of necrosis-like cell death 
being completely chaotic and uncontrollable is now outdated 
and should be substantially revised (Ros et al., 2017). 
Necroptotic signaling is tightly intertwined with plethora of 
regulatory pathways and contributes to such basic physio-
logical reactions as inflammation, immune response, em-
bryonic development, and tissue homeostasis maintenance 
(Liu et al., 2018). 
The importance of cell death in reproductive pathology 
of animals 
According to some authors, the formation of NETs is a 
mechanism of protection that acts in the tissues and on the 
surface of the mucous membranes, and is especially im-
portant in the mucosal anti-infective protection. Neutrophils 
leaving the tissues and leaving the mucous membranes can 
participate in the antimicrobial protection and in the regula-
tion of the microbiota of the respective biotopes, secreting 
biocidal products (Zhelavskyi, 2007; 2017). In addition, the 
aggressive factors of neutrophil granules in the trap formed 
are linked by DNA strands. In the case of colonization of 
tissues or mucous membranes by representatives of normal 
microflora, trap components are not capable of causing the 
development of inflammatory responses (Zhelavskyi & 
Shunin, 2017; Li et al., 2018; Martyshuk et al., 2020).  
We found that in the pathogenesis of subclinical mastitis 
in cows, the apoptotic process of immune cells. Their corre-
sponding changes, they showed wrinkling, vacuolation and 
fragmentation of the nucleus. The number of polymorpho-
nuclear cells with vacuolation of the nucleus and cytoplasm 
and toxic granularity of the cytoplasm increased especially 
(Zhelavskyi, 2005; 2006; 2007). Often in micropreparations 
showed signs of cytolysis (plasmolysis) of immunocompe-
tent cells of the secretion of the breast, which is differentiat-
ed by the available remnants of the nucleus, which is typical 
for a mature cell (Zhelavskyi, 2017). Microscopy of the 
drugs in different fields of view also revealed cells with 
intact integrity, but they clearly showed a decrease in cy-
tometric size (ie, wrinkling). Often such changes occur to-
gether with metamorphoses of the nucleus (pyknosis, rexis, 
vacuolization), cytoplasm (shrinkage), when the cells lose 
their specific granularity (Zhelavskyi, 2019). Our studies 
have shown that activated neutrophilic granulocytes are able 
to combine with other neutrophils and form a NETs of com-
bined protective NETs for pyometra of cats. Often neutro-
phil traps were located freely in the extracellular space, were 
without fixation. Sometimes neutrophilic granulocytes 
formed cooperative conglomerates with epithelial cells. 
Fixed microorganisms were detected in the grids at different 
stages of phagocytosis. Obviously, epithelial cells affect the 
anticrobial protection of phagocytic cells (Zhelavskyi, 
2021). 
3. Conclusions
Cell biology includes a variety of mechanisms of pro-
grammed aging and death. Modern research is aimed at 
deepening the study multiple mechanisms and phenotypes 
compose programmed.Cells. will certainly be taken into 
account by the Nomenclature Committee on Cell Death 
(NCCD). Cellular regulation is associated with a variety of 
physiological mechanisms of development, and is also im-
portant in processes such as inflammation, immune re-
sponse, embryogenesis maintenance of tissue homeostasis. 
The study of influencing factors and mechanisms of regula-
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tion of cell aging opens the curtain for the development of 
new tools for disease diagnosis. Also the development of 
pharmacological agents for the correction of cellular mecha-
nisms, including the development of reproductive patholo-
gies. 
Pespects for futher research. To date, trigger factors and 
mediators involved in the mechanisms of cell aging and 
death are being studied in detail. The field of research con-
tains countless fascinating discoveries awaiting discovery. 
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